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CLASSIFICATION/DISCLAIMER

The data, techniques, information, and conclusions in this report have
been prepared solely for use by Virginia Electric and Power Company (the
Company ) ; and they may not be appropriate for use in situations other than
those for which they have been specifically prepared The Company
therefore makes no claim or warranty whatsoever, express or implied, as
to their accuracy, usefulness, or applicability. In particular, THE
COMPANY MAKES NO WARRANTY OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR
PURPOSE , NOR SHALL ANY WARRANTY BE DEEMED TO ARISE FROM COURSE OF DEALING
OR USAGE OF TRADE, with respect to this report or any of the data,
techniques, information, or conclusions in it By making this report
available, the Company does not authorize its use by others, and any such
use {8 expressly forbidden except with the prior written approval of the
Company. Any such written approval shall itself be deemed to incorporate
the disclaimers of liability and disclaimers of warranties provided
herein. In no event shall the Company be liable, under any legal theory
whatsoever (whether contract, tort, warranty, or strict or absolute
liability), for any property damage, mental or physical injury or death,
loss of use of property, or other damage resulting from or arising out
of the use, authorized or unauthorized, of this report or the data,

techniques, infermation, or conclusions in it.
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PREFACE

This report presents the analysis and evaluation of the physics tests
which wore performed to verify that the North Anna 2, Cycle 8 core could
be « orated safely, and makes an initial evaluation of the performance
of the core. It is not the intent of this report to discuss the particular
methods of testing or to present the detailed date taken. Standard test
techniques and methods of data analysis were used. The test data, results
and evaluations, together with the detailed startup procedures, are on
file at the North Anna Power Station, Therefore, only a cursory
discussion of these items is included in this report, The analyses
presented include a brief summary of each test, a comparison of the test
results with design predictions, and an evaluation of the results,

The North Anna 2, Cycle 8 Startup Physics Tests Results and
Evaluation Sheets are included as an appendix to provide additional
information on the startup test results, Each data sheet provides the
following information: 1) test identification, 2) test conditions
(design), 3) test conditions (actual), &) test results, 5) acceptance
criteria, and 6) comments concerning the test., These sheets provide a
compact summary of the startup test results in a consistent format. The
design test conditions and design values of the measured parameters were
completed prior to the startup physics testing. The entries for the
design values were based on the calculations performed by Virginia
Electric and Power Company's Nuclear Analysis and Fuel Group'. During
the tests, the data sheets were used as guidelines both to verify that

the proper test conditions were met and to facilitate the preliminary
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The measured drop time of each control rod was within the 2.7

second limit of Technical Specification 3.1.3.4.

Individual control rod bank worths were measured using the rod

bd

swap technique® and the results were within 4.7% or 30 pem of the
design predictions. The sum of the individual measured control
rod bank worths was within 1.0% of the design prediction. These
results are within the design tolerance of £15% or %100 pem for
individual bank worths (210% for the rod swap reference bank

worth) and the design tolerance of 210% for the sum of the

individual control rod bank worths.

Measured critical boron concentrations for two control bank
configurations were within 10 ppm of the design predictions.
These results were within the design toler nces and also met the
Technical Specification 4.1.1.1.2 criterion that the ov.rall core
reactivity balance shall be within 21% A4k/k of the design

prediction.

The boron worth coefficient measurement was within 1.4% of the

design prediction, which is within the design tolerance of £10%.

The measured isothermal temperature coefficient (ITC) for the
all-rods-out configuration was within 0.87 pcm/'F of the design
prediction. This result {s within the design tolerance of %3
pcm,'F4 The measured ITC of =1.37 pcmﬂ'F meets the Techrical
Specification 3.1.1.4 criterion that the moderator temperature

coefficient (MTC) be less than or equal to +6.0 pem/°*F. When the

N2C8 Startup Test Report Page 8 of 63
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Figure 1.2

NORTH ANNA UNIT 2 - CYCLE 8
BEGINNING OF CYCLE FUEL ASSEMBLY BURNUFS
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SECTION 2

CONTROL ROD DROP TIME MEASUREMENTS

The drop time of each control rod was measured at hot fuli-flow
reactor coolant system (RCS) conditions in order to verify thiet Lie time
from initiation of the rod drop to the entry of the "od into the dashpot
was less than or equal to the maximum allowed by Technical Specification
3.1.3.4. The control rod drop times were measured in Mode 3" with RCS
Tavg above 500°F and all reactor coolant pumps operating.

The rod drop times were measured by withdrawing a rod bank to its
fully withdrawn position, and removing the movable gripper coil fuse and
stationary gripper coil fuse for the particular rod of the bank to be
dropped. This allowed the rod to drop into the core as it would during
a plant trip. The stationary gripper coil voltage and the Individual Rod
Position Indication (IRPI) primary coil voltage signals were recorded to
determine the the rod drop time. This procedure was rrpeated for each
control rod.

As shown on the sample rod drop trace in Figure 2.1, the initiaticn
of the rod drop is indicated by the decay of the stationary gripper coil
voltage when the stationary gripper coil fuse is removed. A< the rod
drops, 2 voltage is induced in the IRPI primary coil. The magnitude of
this voltage is a function of control rod velocity. As the rod enters
the dashpot region of the guide tube, its velocity slows causing & voltage
decrease in the IRPI coil. This voltage reaches a minimum when the rod
reaches the bottom of the dashpot. Subsequent variations in the trace

are caused by rod bouncing.
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SECTION 3

CONTROL ROD BANK WORTH MEASUREMENTS

Control rod bank worths were measured for the control and shutdown
banks using the rod swap technique?. The initial step of the rod swap
method diluted the predicted most reactive control rod bank (hereafter
referred to as the reference bank) into the core and measured its
reactivity worth using conventional test techniques. The reactivity
changes resulting from the reference bank m.vements were recorded
continuously by the reactivity computer and were used to determine Lhe
differential and integral worth of the reference bank. For Cycle 8,
Control Bank B was used as the reference hauk. -

After the completion of the reference bank reactivity worth
measurement, the reactor coolant system temperature and boron
concentration were stabilized with the reactor just critical and the
reference bank near full insertion. Inicial statepoint data for the rod
swap maneuver were obtained by moving the reference bank to its fully
inserted position and recording the core reactivity and moderator
temperature, From this point, a rod swap maneuver was performed by
withdrawing the reference bank several steps and then one of the other
control rod banks (i.e., a test bank) was inserted to balance the
reactivity of the reference bank withdrawal. This sequence was repeated
until the test bank was fully inserted and the reference bank was
positioned such that the core was just critical. This measured critical
position (MCP) of the reference bank with the test bank fully inserted

was used to determine the integral reactivity worth of the test bank.
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The core reactivity, moderator temperature, and the differential worth
of the reference bank were recorded with the reference bank at the MCP
The rod swap maneuver then was repeated in reverse such that the reference
bank again was near full insertion with the test bank fully withdrawn from
the core This rod swap process was then repeated for each of the other
nmtrol and shutdown banks.

A summary of the test results is given in Table 3.1 As shown in

this table and the Startup Physics Tests KResults and Evaluation Sheets

given in the Appendix, the individual measured bank worths for the control

.-
—
o

and shutdown banks were within the design tolerance (210% for
reference bank, t15% for each test bank worth greater than 600 pem, and
£100 pem for each test bank worth of less than 600 pem) The sum of the
individual measured rod bank worths was within 1.0% of the design
prediction, This is well within the design tolerance of £10% for the sum
of the individual control rod bank worths.

[he integral and differential reactivity worths of the reference
bank (Control Bank B) are shown in Figures 3.1 and 3.2, respectively.
I'he design predictions and the measured data are plotted together in order

to illustrate their agreement. [n summary, the measured rod worth values

were satisftactory.
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Figure 3.1

NORTH ANNA UNIT 2 - CYCLE 8 STARTUP PHYSICS TESTS
BANK B INTEGRAL ROD WORTH - HZP
ALL OTHER RODS WITHDRAWN

T LT DT PR TP PR ¥ ' oy D |

] -'p-’-...-‘-~..-.--mn.‘--Q--Q"u.oﬂ.uM;*.Q--"-.‘..'..‘-

1,200 -1 , SERRENERRNNRE
' { ¥ 3 $ £ 2 SEEREREERE.
B » oo or s e dn s eda s dn e Sosdurshsndorivemborisedsen : $osbes VA O . S S 0% 1
1.1 OO.{...... or B A T 0 O R O 4 bisdioh el et 8 S T s 5 O G 9 5 0 0 O e e
R el .--..-......4.....,,.‘. e sohosgos Peips '...’...-.-...'..._W......-.Q...............-q-.g.....@....q..;.......-............'u.........q...«i...

1,000+
800+
800~

q)—...a T S AR S T P T .

T EE O - - e -

b.-o"-‘hd‘b.l

r-.- -'.----

700*

600

qP-.u. ...¢..5..‘..¢ . L : :.&.. side

i = predicted f.ia.
! - measured [

300

s ond ssdeed eodes e saponiesgnenhes darene b 10 0e @ vabniesdusnbeodd seh 00345 e ssteedpenberd

400 itk

PR of ey . 2

S n e -

INTERGRAL WORTH (PCM)

300

\ PRI IR ~o--0-v--c--o--on-o--0w i-u
hl--o-e et

sede névdnt 0‘40 6-00 -0 edeon

200

100

0-

O B 186 24 32 40 48 56 64 72 80 88 96 108 120 132 144 156 168 180 192 204 218 228

NE-817

BANK POSITION (STEPS)

O
e
o
W

N2C8 Startup Test Report Page 24

l



Figure 3.2

NORTH ANNA UNIT 2 - CYCLE 8 STARTUP PHYSICS TESTS
BANK B DIFFERENTIAL ROD WORTH - HZP
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SECTION 4

BORON ENDPOINT AND WORTH MEASUREMENTS

Boron Endpoint

With the reactor critical at hot zero power, reactor coolant system
(RCS) boron concentrations were measured at selected rod bank
conf.gyurations to enable a direct comparison of measured boron endpoints
with design predictions. For each «critical boron concentration
measurement, the RCS conditions were stabilized with the control banks
At or very near a selected endpoint position. Adjustments to the measured
critical boron concentration values were made to account for off-nominal
control rod position and moderator temperature, if necessary.

The results of these measurements are given in Table 4.1. As shown
in this table and in the Startup Physics Tests Results and Evaluation
Sheets given in the Appendix, the measured critical boron endpoint values
were within their respective design tolerances and met the requirements
of Technical Specification 4.1.1.1.2 regarding core reactivity balance.

In summary, the boron endpoint results were satisfactory.

Boron Worth Coefficient

The measured boron endpoint values provide stable statepoint data
from which the boron worth coefficient or differential boron worth (DBW)
was determined. By relating each endpoint concentration to the integrated
rod worth present in the core at the time of the endpoint measurement,
the value of the DBW over the range of boron endpoint concentrations was

obtained.
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NORTH ANNA UNIT 2 CYCLE 8 PHYSICS TEST
BORON WORTH COEFFICIENT

Measured DBW = =704 pcm/ppm
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TABLE 6.1

NORTH ANNA UNIT 2 « CYCLE 8 STARTUP PHYSICS TESTS
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Table 6,2

NORTH ANNA UNIT 2 - CYCLE 8 STARTUP PHYSICS TESTS
COMPARISION OF MEASURED POWER DISTRIBUTION PARAMETERS
WITH THEIR TECHNICAL SPECIFICATION LIMITS

F=Q(T) HOT F=DH(M) HOT
CHANNEL FACTOR™ CHANNEL FACTOR
MAP
NO.| MEAS| LIMIT|MARGIN| MEAS| LIMIT|MARGIN
(%) (%)
|
1 12.237] 4.368] 48.8 |1.523] 1.8131 16.0
2 [2.041) 3.020| 32.4 |1.443| 1.614| 10.6
3 11.923] 2.4191 20.5 |1.423] 1.534 7.2
& |1.888] 2.190] 13.8 |1.414] 1.490 31

The Technical Specification's limit for the heat flux hot channel
factor, F-Q(T), is a function of core height. The value for
F=Q(T) listed above is the maximum value of F<Q(T) in the core

The Technical Specification's limit listed above is evaluated at
the plane of maximum F-Q(T). The minimum margin values listed
above are the minimum percent difference between the measured
values of F-Q(T) and the Technical Specification's limit for each
map. The measured F-Q(T) hot channel factors include 8.15% total
uncertainty.
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YES

. -

__NO
NO

Vi
Lomments

D

-

U

” . H
1(“g) ARO

L

aCg = =6 94 pem/ppe for preliminary analysis

Cyli Cy is design value at actual cenditions.

Prepared

Reviewed By:




NORTH ANNA POWER STATION UNIT 2 CYCLE 8
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET
FINAL ANALYSIS)

ritical Beror ncentration = ARO
PT-¢ Sequence Step

CS Temperature ('F

Power Level (% F.P
ther (specify

Below Nuclrar Hesting

R

RCS Temperature ('F) S4

Power Level (% F.P
ther (Specify)

Below Nuclear Heating

-

Date/Time

11/ 18 7

'

Meas Parameter

Descriptior Can) Critical BRoron Conc - ARO

Measured Vealue

—— s ———— e

Design Value
(Actual Cond)

Design Value
(Design Cond) C 2063 ¢ 50 ppm

Reference Technical Report NE-803 Rev

D
\ FSAR/Tech Spec alg x Cg 5 1000 pea
Acceptance

riteria Refecence Technical Specification 4.1

Design Tolerance is met 5 YES __NO
Acceptance Criteria is met YES __NO

Vi
Jonments

design value at actual conditions

8 —

A ¢
Reviewed By !m‘ N |=!}:_ti¢. WX G
l




NORTH ANNA POWER STATION UNIT 2 CYCLE 8
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

|

[ | Test Description: Isothermal Temperature Coefficient - ARO
Reference | Proc No /Section: 2-PT+94.0 Sequence Step No:
: ;
{1 Bank Positions (Steps) I KCS Temperature (°F): 547
Test Power Level (% F.P.): 0
Conditions| SDA: 228 SDB: 228 CA: 228 Other (specify):
(Design) Ch: 228 CC: 228 CD: 228 Be<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>